Magmatic-hydrothermal processes produced significant metasomatic alteration of country rock, with resultant metal transport and deposition of low-Ti magnetite bodies, during the intrusion of late granitic magmas in the Adirondack Highlands of the Grenville Province. Manifestations of these ore-forming systems occur as sillimanite-bearing quartz-rich rocks within ca. 1040 Ma Lyon Mountain leucogranites in the southwestern Adirondack Highlands. Field and petrographic relationships demonstrate that emplacement of quartz-sillimanite and bull quartz veins into granite was accompanied by leaching of feldspar and other labile minerals from the granite to produce aluminum-and silica-rich residua. These relationships, coupled with fluid inclusion and stable isotope data from quartz in the host granite, in quartz-sillimanite veins, and in massive quartz veins, suggest that crystallization of granite released acidic magmatic fluids that resulted in high-temperature hydrolytic leaching of feldspars. These fluids also transported and redeposited silica and, locally, alumina to form a quartz-rich sillimanite-bearing carapace near the margins of the granite pluton. Later low-temperature hydrothermal processes mobilized silica and altered sillimanite to illite and diaspore. Zircons exhibiting U-Pb ages overlapping those of the host granite are abundant in the leached quartz-rich rock and are interpreted as residual grains incorporated from the granite. The spatial relationship of both hightemperature and low-temperature hydrothermal features relative to the intrusive Lyon Mountain leucogranite strongly suggests that emplacement of granitic magmas drove the hydrothermal system during progressive unroofing and cooling of the Adirondack orogen.
INTRODUCTION
High-temperature hydrothermal processes have long been recognized within the Adirondack Highlands of the Grenville Province. In particular, the formation of major low-Ti Kirunatype Fe-oxide deposits (Alling, 1939; Postel, 1952; Buddington and Leonard, 1962; Leonard and Buddington, 1964; Foose and McLelland, 1995) is associated with leucogranite of the late-to post-tectonic Lyon Mountain granite (Fig. 1) . In this paper we describe the development of marginal facies of the Lyon Mountain granite that document quartz and quarz-sillimanite vein emplacement and leaching of host granite that occurred during and after granite intrusion. Using U-Pb zircon geochronology we establish the age relationship between intrusion of the granite and development of its quartz-rich carapace. These distinctive quartz-rich facies represent potential source zones for oreforming fluids related to the formation of Lyon Mountain granite iron ores, and recognition of these facies in other regions may be important in the exploration and modeling of similar ore-forming systems. Exposures of Lyon Mountain leucogranite near Port Leyden, New York ( Fig. 1) , display a range of metasomatic or hydrothermal features, including the quartzsillimanite veins described by McLelland et al. (2002a) . The quartz-rich rocks that are the subject of this study occur adjacent to these Lyon Mountain leucogranite exposures.
PREVIOUS STUDIES
The Lyon Mountain granite comprises a distinctive suite of relatively undeformed granites and associated orthogneiss emplaced across wide tracts of the Adirondack Highlands during the waning stages of the ca. 1090-1030 Ma Ottawan orogeny (McLelland et al., 2001 ). The fluids involved in the Lyon Mountain granite hydrothermal systems may include both magmatic and surface-derived hydrothermal components (McLelland et al., 2002a (McLelland et al., , 2002b . Fluid inclusion data suggest Na-Cl fluid systems similar to those described by Battles and Barton (1995) and by Barton and Johnson (1996) for Fe-Cu hydrothermal ore deposits in the southwestern United States. In the Lyon Mountain granite, leaching of country rock and earlycrystallized igneous rock by circulating fluids resulted in the dissolution of metals and local transport and redeposition of magnetite within host granites and metasedimentary country rock. The leaching of leucogranite by acidic fluids removed cations, especially soda and potash, from feldspars and formed veins of quartz-sillimanite that were disrupted by later magmatic flow (McLelland et al., 2002a (McLelland et al., , 2002b . The low-Ti magnetite deposits of the Adirondack Highlands are commonly associated with the quartz-albite facies of the Lyon Mountain granite and are interpreted as having resulted from metasomatism by the same Na-and Fe-rich hydrothermal fluids. The Lyon Mountain granite hydrothermal systems operated during and after the intrusion of Lyon Mountain granite plutons at temperatures near 700 °C with fluids derived from the crystallizing magma or from evolved meteoric brines of regional scale. The emplacement age of the Lyon Mountain granite is well constrained by U-Pb zircon dating, and the early stages of hydrothermal activity were coeval with intrusion of Lyon Mountain granites and pegmatite at ca. 1060 -1030 Ma (McLelland et al., 2001 , 2002a , 2002b .
Postpeak metamorphic infiltration of fluids into the granulite-facies rocks of the Adirondack Highlands has been documented (e.g., Morrison and Valley, 1988; Whitney and Davin, 1987) , but the timing of these events is unclear. Some fluidrelated alteration is undoubtedly of Paleozoic age, related to flushing of basinal fluids from Paleozoic sediment cover downward, perhaps by means of tectonically driven processes (Whitney and Davin, 1987) in the Taconic or the Acadian event. However, unroofing of the orogen in the Late Proterozoic could have allowed infiltration of surface-derived fluids as soon as pressure-temperature conditions were permissive of brittle behavior and fracture-related fluid flow. Given appropriate regional hydrologic conditions, long-lived hydrothermal systems may have operated in the vicinity of late-stage plutonic complexes like the Lyon Mountain granite. At Lyonsdale, late illite-diaspore-hematite veins document low-temperature hydrothermal alteration in the Lyon Mountain granite. The latest-stage fluids were oxidizing and had relatively high salinity. These low-temperature assemblages are discussed later along with the high-temperature processes cited earlier to provide documentation of the range of field and petrologic features that record magmatic-hydrothermal leaching systems that may be linked to the formation of important ore bodies in the Adirondacks and elsewhere.
GEOLOGIC SETTING OF THE QUARTZ-RICH FACIES
The quartz-rich rocks of this investigation are located near the southwestern margin of the Adirondack Highlands (Fig. 1) . The Adirondacks constitute a domical outlier of the Grenville Province that has experienced multiple high-grade metamorphic and intrusive events. The metaigneous and minor metasedimentary rocks that characterize the Adirondack Highlands include early granodioritic and tonalitic rocks (ca. 1350-1300 Ma) that were deformed and metamorphosed at ca. 1170 Ma (Wasteneys et al., 1999) . Voluminous magmas of the anorthosite-charnockite-mangerite-granite (AMCG) suite were intruded at ca. 1150 Ma following delamination of the overthickened Elzevirian orogen. After a hiatus of ∼60 m.y. the region was intruded by the ca. 1100 Ma Hawkeye granite suite (McLelland et al., 1996) . Subsequently, all of the Highlands were subjected to vaporabsent granulite-facies metamorphism and multiple deformations associated with the ca. 1090-1030 Ma Ottawan orogeny (McLelland et al., 2001) . Late-to post-tectonic leucogranites of the Lyon Mountain granite (ca. 1060-1030 Ma) are interpreted as related to delamination, rapid uplift, and extensional collapse of the overthickened Grenville orogen (McLelland et al., 2001 ). In the southwestern Adirondack Highlands near Port Leyden, New York, leucogranites of the Lyon Mountain Gneiss (Fig.  1) are found in intrusive contact with older metasedimentary and metaigneous rocks. Dikes of leucogranite crosscut foliated metapelites, and Lyon Mountain granite commonly contains xenoliths of calc-silicate country rock. Large tracts of the leucogranite mass exposed in the bed of the Moose River at Lyonsdale contain quartz-sillimanite segregations. The suite of quartzrich rocks, exposed on the western margin of the leucogranite mass, are described below.
Quartz-Rich Rock and Related Lithologies near Port Leyden
The quartz-rich facies vary progressively from leucogranite with a variable concentration of narrow veins to vein-rich granite and finally to massive sillimanite-bearing quartz-rich rock containing only a few small, scattered occurrences of leucogranite. The quartz-sillimanite vein-bearing leucogranite facies exposed between Lyonsdale Bridge and Ager's Falls (Fig.  1) consists of sharp-walled, 2-10 cm-thick veins of coarsely crystalline quartz and sillimanite hosted by equigranular granite (Fig. 2, A) . These veins contain coarsely crystalline sillimanite as well as minor magnetite, with both concentrated toward the vein centers. The relative timing of the quartz-sillimanite veins is established by the observation that they crosscut country rock calc-silicate schlieren, flow-related layering, and earlier quartzsillimanite veins within the host leucogranite (McLelland et al., 2002a (McLelland et al., , 2002b . Within the veins, clusters of tabular sillimanite crystals up to 5 cm in length are aligned parallel to the vein walls. Veins bearing quartz and sillimanite may grade along strike into veins of nearly pure quartz. Sillimanite-bearing veins were formed within the granite by deposition from high-temperature hydrothermal fluids of probable magmatic origin (McLel- land et al., 2002b) . These fluids were capable of transporting dissolved silica, and apparently alumina, since the large clusters of sillimanite crystals appear to have grown within the veins via precipitation from fluid and thus represent at least local mobilization of alumina.
Coherent quartz-sillimanite veins are often found within granite that contains isolated, dismembered layers, lenses, knots, and boudin of quartz-sillimanite segregations formed relatively early in Lyon Mountain granite magmatic history. These earlier segregations were then disrupted and deformed by the later flow of the still partly molten magma. If these earlier segregations were formed as sharp-walled veins similar to the latest undisrupted veins, the enclosing granite must have crystallized sufficiently to permit brittle fracture. Alternatively, the highly viscous, partially crystallized leucogranite magma may have fractured due to high local strain rates and elevated fluid pressure (McLelland et al., 2002a) .
Thicker decimeter-scale quasi-continuous veins of quartzsillimanite rock that separate isolated masses of quartz-sillimanite nodule bearing leucogranite occur to the west between Ager's Falls and Kosterville Dam (Fig. 2, B ). Magnetite is a persistent accessory in the veins. The sharp contacts between veins of quartz-sillimanite rock and nodular granite suggest that this facies represents successive and continued emplacement of quartz-sillimanite veins into host granite. Exposures of this lithology are commonly striped with centimeter-scale red and green alteration zones related to extensive later low-temperature processes. Wider "bull" quartz veins 50-100 cm thick are also present in these exposures and may grade along strike into pegmatitic leucogranite from nearly pure quartz to typical granite pegmatite over distances of 5-10 m.
Farther to the west at Kosterville Dam ( Fig. 1) , massive sillimanite-bearing quartz-rich rock, together with minor centimeter-scale quartz-sillimanite veins, occurs as a weakly layered, coarsely crystalline facies with disseminated low-temperature alteration zones. At Shelby Bridge, the later mechanical deformation of nearly pure quartz layers in this facies produced boulder-size, rounded boudins of coarsely crystalline quartz in finer, grain-size reduced granular quartz, forming outcrops that superficially resemble sedimentary conglomerates, but clearly are not (Fig. 2, D) . Overall, this east-to-west sequence of quartz-rich rocks is interpreted as representing the marginal zone, or carapace, of a Lyon Mountain granite intrusive body.
Later Alteration Features
Centimeter-to millimeter-scale alteration zones are common in both the quartz-sillimanite veins and the massive quartzrich facies (hereafter called quartzite) associated with the Lyon Mountain granite in the Lyonsdale area. In outcrop, the alteration zones are characterized by anastamosing networks of veinlets 1-2 mm in thickness, tapering to healed fractures hosting illite and diaspore. These veins have a halo of red and/or green coloration related to minor disseminated hematite and/or chlorite. Hematite spherules are found within healed fractures in quartz. Larger segregations of illite-diaspore are also present, forming irregularly shaped masses of salmon-and green-colored, porcellaneous rock up to 20 cm in overall dimension. Thin sections suggest that the illite-diaspore material forms pseudomorphs after sillimanite in the quartzite (Fig. 3, B and C) . In addition, the illite-diaspore rock often contains concentrations of euhedral to subhedral, elongate zircon crystals that strongly resemble zircon grains in typical Lyon Mountain leucogranite (Fig. 3, D) .
The illite-diaspore veinlets and segregations within sillimanite-bearing granite and quartz-sillimanite rock are interpreted as low-temperature (<200 °C) features related to a later phase of hydrothermal alteration. This phase included local redistribution of alumina and silica as fluids permeated the fracture network and dissolved and redeposited the low-temperature mineral phases. Dissolution of magnetite also occurred related to the formation of hematite and chlorite. Fluid inclusion data suggest that fluid salinities were high (>20% NaCl equivalent) and oxidizing, based on the common occurrence of minor hematite in the veinlets and as spherules within fluid inclusion trains associated with fractures that continue from veinlets. The low-temperature event may have further concentrated zircon grains as labile minerals were removed, leaving only ultrastable zircon, illite, and diaspore. The zircon-rich illite-diaspore material represents a hydrothermal leachate, resembling the leached, kaolinitic jasperite materials that form residua in the near-surface portions of hydrothermal vents in active volcanic systems (Heald et al., 1987) .
Quartz-Calcite Veins near Mckeever
Approximately 12 km east of the Lyonsdale area, exposures of calc-silicate rock and metasedimentary quartzite host decimeter-scale block-structure veins bearing coarse, well-terminated quartz crystals and calcite spar with spherulitic hematite rinds that postdate the quartz and calcite (Darling and Bassett, 2001) . Aluminosilicate minerals such as phlogophite and plagioclase in the host rock adjacent to the veins are altered to intergrown chlorite, illite, and diaspore. The relationships of these veins with the alteration features observed in the Lyonsdale exposures are unclear, but suggest that late-stage hydrothermal processes were not limited to the areas of Lyon Mountain leucogranite.
ZIRCON GEOCHRONOLOGY
Single-grain thermal ionization mass spectrometry (TIMS) dating of the nodular leucogranite at Lyonsdale was reported by McLelland et al. (2002a) , who obtained an age of 1035 ± 4 Ma that is interpreted as the age of igneous emplacement. In addition, McLelland et al. (2001) obtained a U-Pb zircon TIMS age of 1034 ± 10 Ma for an undeformed pegmatite that crosscuts the leucogranite and quartz-sillimanite veins and the nodules within it, thus constraining granite emplacement and vein or nodule formation to the same brief time interval. These out-crops are within 0.5 km, along strike, of the quartz-rich rocks discussed here.
Zircons within the diaspore concentrations of the quartz-sillimanite veins and massive quartzite subunits are similar to those in the nearby leucogranite: they are 100-400 microns in length, with length-to-width ratios averaging 3:1, and consist of cores surrounded by relatively thick rims or mantles (Fig. 4) . Almost all grains are characterized by a distinctive mottling that has been noted in other Adirondack zircons exposed to large quantities of hydrothermal fluids (McLelland et al., 2001 ). Due to the presence of inherited cores, the zircons were analyzed in situ by means of ion probe techniques at the Geological Survey of Canada's Sensitive High-Resolution Ion Microprobe (SHRIMP) II Laboratory in Ottawa. Analytical methodology generally followed the protocols described in Hamilton et al. (this volume) . Data from these analyses, as well as further instrumental details, are presented in Table 1 . Zircons in the diaspore concentrations are texturally characterized by mantles with elevated uranium concentrations ranging from ∼1100 to 1800 ppm, and Th/U ratios falling narrowly between 0.1 and 0.2. These characteristics are similar to those described for analogous zircons in the host Lyon Mountain granite and associated pegmatite (McLelland et al., 2001 (McLelland et al., , 2002a . Inherited cores are commonly present in the diaspore zircons and have U concentrations that range from ∼500 to 4700 ppm; the most concordant analyses typically range from 500 to 1000 ppm U, while the most discordant cores have ∼2380-4700 ppm. As expected, Th/U ratios in the xenocrystic cores span a diverse range, mostly between ∼0.3 and 1.4, but extend as low as 0.06 (Table 1) .
A concordia plot of all SHRIMP data shows a distinct clustering of mantling zircon near 1050 Ma, together with some strongly discordant points as well as a scattering of older core ages between 1160 and 1230 Ma (Fig. 5, A) . A concordia plot of U-Pb data from the zircon mantles is shown in Figure 5 , B. A weighted mean calculation of all eight analyses of texturally unambiguous zircon mantles (unshaded ellipses in Fig. 5 ) yields an age of 1041 ± 8 Ma (mean square of weighted deviates = 0.39). Notably, one broken prismatic and doubly terminated grain (Fig., 4C) gives the same age of ca. 1040-1055 Ma for both core and mantling zircon. Both cores and mantles exhibit faint traces of zoning (Fig. 4, A and B) . Interpretation of the zircon ages from these quartz-rich facies is not straightforward; however, reasonable alternatives can be ascertained. Clearly the sillimanite-bearing veins cannot have a sedimentary origin, since they crosscut the host leucogranite as well as one another. This leaves only the possibility that the veins are of hydrothermal origin. Moreover, they must be younger than the leucogranite (1035 ± 4 Ma) and older than the pegmatite (1034 ± 10 Ma) that crosscuts them (McLelland et al., 2001 (McLelland et al., , 2002a . Note that the age of the leucogranite is within error of the weighted average of the 1041 ± 7 Ma zircons from the illite-diaspore segregations. It is possible that the zircons within the quartz-rich facies are hydrothermal, but rigorous published studies of hydrothermal zircons are scarce, and much of what appears in the literature has been debated (Claoué-Long et al., 1990 , 1992 Corfu and Davis, 1991; Kerrich and King, 1993; Nesbitt et al., 1999) . In cases where a hydrothermal origin appears certain, the zircons tend to be small and irregular in shape (Rubin et al., 1989) . In contrast, the zircons under consideration here exhibit morphologies that are consistent with an igneous origin and are identical in morphology, uranium content, and, within error, U-Pb age to zircons within the host leucogranite (McLelland et al., 2002a) , and we propose that this was their source. There are two mechanisms by which zircons could have been transferred from the leucogranite to the quartzrich facies. The first is by plucking of zircons from the granite wallrock of the veins. The second, and preferred, mechanism is by high-temperature (500-650 °C, McLelland et al., 2002b) hydrothermal leaching of alkalis from leucogranite feldspars, leaving behind quartz, sillimanite, and zircon. This mechanism does not rule out some degree of transport for these "lag" deposit constituents, nor does it require all quartz veins in the region to have resulted from alkali leaching. In fact, many of the mutually crosscutting, sharply defined quartz veins are relatively poor in sillimanite and zircon and probably represent redeposited silica. The exceptionally high zircon concentrations in the illite-diaspore rock is, as discussed earlier, the result of an additional phase of low-temperature hydrothermal leaching that removed most of the silica, leaving these unique aluminous and zirconenriched lag deposits in the massive quartz-rich rock.
OXYGEN ISOTOPES
Oxygen isotope values from the quartz-rich and related rocks in the Lyonsdale area are presented in Table 2 . Quartz in host granite and in some quartz-sillimanite nodules shows a range of values from 6.7 to 12.9 per mil, whereas massive vein quartz and quartz-diaspore rocks have quartz values in the range from 6.5 to 8.3 per mil. These values suggest that primary igneous quartz within host granite was characteristically isotopically heavier, and that the lighter values associated with quartz-sillimanite nodules and leached quartzites are related to interaction with fluids that circulated within the crystallizing granite and adjacent leached carapace. McLelland et al. (2002b) concluded that the oxygen isotope composition of water in equilibrium with quartz in the Lyon Mountain granite generally ranged from 9.0 to 13.1 per mil. Fluids with these values are consistent with either (1) magmatic and/or metamorphic fluids or (2) evolved surface-derived basinal brines. Fluids with somewhat lower δ 18 O, in the range of 7 to 8 per mil, were calculated for some isotopically lighter quartz, and were interpreted as magmatic in origin. The data reported here are consistent with high-temperature (500-650 °C) equilibrium between quartz and magmatic fluids derived from the adjacent granite pluton.
Isotopic Results from the Mckeever Quartz-Calcite Veins
Samples of coexisting crystalline quartz and calcite from two block veins at the McKeever locality were analyzed as shown in Table 2 . Darling and Bassett (2001) upon carefully constrained diamond-anvil press studies of CO 2 -H 2 O inclusions. The results of Darling and Bassett (2001) are consistent with fluid inclusion data from quartz-rich facies in the Lyonsdale area (Table 3) . The δ
18
O of water in equilibrium with calcite and quartz in the McKeever locality is relatively light (∼-2 to -6 per mil SMOW, or standard mean ocean water) compared with those of other Adirondack rock-water systems, including that of the Lyonsdale-area quartzites reported earlier (Fig. 6) . For comparative purposes, the McKeever calcite isotope data are plotted with reference to isotopic data from Morrison and Valley's (1988) study of retrograde calcite in Adirondack anorthosite. We suggest that the McKeever veins represent the infiltration of meteoric waters of low δ 18 O into rock that had cooled sufficiently from peak metamorphic temperatures to allow brittle fractures to remain open within a zone of hydrothermal circulation driven by nearby Lyon Mountain granitic plutons. This model suggests that other low-temperature hydrothermal alteration features should be common in the vicinity of Lyon Mountain granite rock. Not surprisingly, the low-Ti magnetite deposits Pb age of 1041 ± 7 Ma. Shaded ellipses excluded from age calculation: spots 4.1 (zoned, altered, discordant core) and 11.1 (possibly mixed mantle and slightly overlapped core). MSWD-mean square of weighted deviates.
found within Lyon Mountain granite elsewhere in the Adirondacks commonly have a low-temperature hydrothermal overprint, including the development of hematite-after-magnetite replacement fabrics in iron ore zones (Buddington, 1965) . However, these low-temperature events are not readily distinguished from more widespread alteration of basement rocks throughout the Appalachians that is linked to Paleozoic or younger tectonism (Whitney and Davin, 1987) .
FLUID INCLUSIONS
Fluid inclusion studies on Lyon Mountain leucogranites and quartz-sillimanite rock from the Lyonsdale area have previously been reported in McLelland et al. (2002b) and are summarized here. Key results are as follows: (a) The early, hightemperature fluid history of the Lyon Mountain granites is not preserved by primary fluid inclusions. Halite-saturated mixed H 2 O + CO 2 inclusions with homogenization temperatures in the range from 275 to 300 °C represent fluids that reequilibrated during cooling of the host quartz, perhaps related to the preservation of fractures during uplift and unroofing of the orogen. (b) Lower-temperature (125-200 °C), two-phase, water-only and CO 2 -only inclusions were derived from the unmixing of highertemperature mixed inclusions. (c) Aqueous fluids are Na-Ca-Cl brines at or near halite saturation. It is important that samples of quartz associated with the late, low-temperature alteration illitediaspore veinlets at Kosterville Dam contain secondary halitesaturated inclusions that also contain spherulitic hematite. This suggests that fluids that invaded the rock at this stage were oxidizing, perhaps due to communication with near-surface hydrologic systems. Clayton et al. (1972) , assuming an equilibrium range of temperatures based on the fluid inclusion work of Darling and Bassett (2001) . the southwestern Adirondacks resulted from emplacement of hydrothermal quartz and quartz-sillimanite veins at the margin of a Lyon Mountain granite pluton. This vein emplacement was associated with high-temperature hydrothermal leaching of host granite that removed alkali cations from feldspars and other minerals to produce massive quartz-rich rock resembling typical quartzite along with quartz-sillimanite veins. Illite-diaspore and hematite-chlorite assemblages that resulted from further leaching of quartz and alteration of sillimanite document later low-temperature alteration of the quartz-rich facies. Field relationships in the vicinity of Lyonsdale, New York, suggest that the intruding pluton, comprising the main mass of leucogranite, lay to the east of the leached carapace, which is now represented by the quartz-sillimanite rocks near Kosterville and Shelby Bridge. Illite-diaspore veins and segregations contain abundant zircons similar to those in the nearby Lyon Mountain leucogranite. While overall morphology and zoning characteristics cannot be used to unequivocally correlate the source of the zircons in the quartz-rich rocks, the close similarity between the quartz-rich facies and granite zircons is striking. The ca. 1034 Ma pegmatite at Lyonsdale Bridge crosscuts quartz-sillimanite veins in leucogranite dated at ca. 1035 Ma, demonstrating that at least some high-temperature vein emplacement occurred nearly synchronously with granite intrusion. Later, low-temperature extraction of quartz and alteration of sillimanite to diaspore and illite further concentrated the granitic zircons by volume reduction of the host rock.
DISCUSSION AND CONCLUSIONS
Oxygen isotope data from high-temperature quartz in the Lyon Mountain granite and from quartz-rich facies in the Lyonsdale area indicate that most quartz from unaltered granite is isotopically heavier than quartz in quartz-rich facies. The heavier quartz formed in equilibrium with the granite at temperatures of ∼650 °C (McLelland et al., 2002b) , whereas the somewhat lighter values reflect interaction with an isotopically lighter fluid of either meteoric or residual magmatic origin. This is consistent with our interpretation of a hydrothermal origin for the quartz-sillimanite veins within the main mass of granite at Lyonsdale and of hydrothermal leaching of the granite to produce the associated carapace of quartz-rich rock. While surfacederived meteoric or basinal brine fluids might provide the appropriate isotopic signature for the quartz in sillimanitequartz veins, it is unlikely that such fluids would have the acidic, corrosive character documented by the leaching of granite. Therefore, a residual magmatic origin is favored for the hydrothermal fluid in this system.
The isotopic values of quartz and calcite in the ∼230 °C McKeever vein are significantly lighter than those of the granite and sillimanite-quartz rocks in the Lyonsdale area, and were in equilibrium with fluids in the range -6 to -2.0 per mil, strongly suggesting that the fluid was of meteoric origin. Fluid inclusions in the McKeever vein are relatively lower in salinity than fluids in the Lyonsdale rocks (Darling and Bassett, 2001) , also supporting involvement of surface-derived waters. Latestage, high-salinity, hematite-bearing fluid inclusions are associated with the illite-diaspore rock at Kosterville, suggesting further involvement of oxidizing surface-derived brines.
Zircon ages in the quartz-rich facies and the age relationships established by McLelland et al. (2001 McLelland et al. ( , 2002a for the granite and associated quartz-sillimanite rocks at Lyonsdale Bridge constrain the earliest phases of hydrothermal activity as coeval with granite emplacement between ca. 1045 and 1030 Ma. The timing of later stages of hydrothermal activity documented by the McKeever vein and lower-temperature leaching that produced the illite-diaspore assemblages is more difficult to determine. The location of these features in the vicinity of the ca. 1035 Ma Lyon Mountain granite strongly suggests a cogenetic relationship. These later features were generated in brittle fractures and thus provide insight into the unroofing history of the Adirondack orogen (Darling and Bassett, 2001) . It is likely that some late-stage hydrothermal features within the Adirondacks are of Paleozoic age and were caused by penetration of saline brines into the basement beneath the younger sedimentary cover. Preliminary monazite age dating in the southern Adirondacks (Storm and Spear, 2002) has shown that Paleozoic events at ca. 500 and 390 Ma were recorded by overgrowths on ca. 1040 Ma metamorphic monazite crystals. Monazite geochronological studies in the McKeever-Lyonsdale area could shed further light on the timing of the low-temperature events and their relationships to granite emplacement and high-temperature hydrothermal activity.
